SUMMARY Aneurysmal subarachnoid hemorrhage is a neurosurgical emergency. Early medical intervention is axiomatic for minimizing rebleeding and ischemia from vasospasm and achieving optimum results. The purpose of this study was to document the length and causes of the delay in referral which occur in patients following aneurysmal subarachnoid hemorrhage. The case histories of 150 consecutive patients admitted to The University of Iowa with proven ruptured aneurysms were studied. Medical records from The University of Iowa and referring hospitals were reviewed, and patients, families, and referring physicians interviewed. Overall, only 36% were referred within 48 hours of their first clear cut, recognizable sign or symptom of subarachnoid hemorrage. Median time to referral was 3.6 days. Delay was due to physician diagnostic problems in 37%, delayed referral policy in 23%, unstable patient condition in 7%, failure of patients to recognize severity of illness in 8%, and logistical reasons in 12%. These data suggest that a large proportion of patients have a delay in achieving definitive neurosurgical care following aneuerysm rupture, and that for the most part this delay is avoidable. More emphasis must be placed on public health and primary physician education regarding subarachnoid hemorrhage.
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Stroke Vol 16, No 4, 1985 CURRENTLY in most neurosurgical centers in North America operation to correct ruptured intracranial aneurysm is delayed 7 to 14 days following subarachnoid hemorrhage to allow the patients to recover from the effects of the initial ictus before subjecting them to the trauma of surgery. However, it is apparent that a substantial number of patients will die or be disabled during this "waiting period", as a result of the consequences of rebleeding and vasospasm. 1 This has prompted a resurgence of interest in operation performed within the first several days of the bleeding in an attempt to minimize these complications. The optimal time for surgery to correct ruptured ar.eurysms has not been established. While it is not known which patients will benefit from surgery in the acute period following subarachnoid hemorrhage, there is no question that early medical intervention is axiomatic for minimizing rebleeding and ischemia from vasospasm and optimizing overall management results. The prerequisite for early intervention, either medical or surgi-cal, is early referral to medical facilities where resources exist to deal with these problems.
We noted that most patients reach our combined neurological/neurosurgical stroke service after a delay of several days following onset of subarachnoid hemorrhage. In many instances this delay was detrimental to the patients' care and contributed to increased mortality and morbidity. The purpose of this study was to document the length and causes of this delay.
Materials and Methods

Case Material
One-hundred and fifty consecutive patients with proven aneurysmal subarachnoid hemorrhage who were admitted to the University of Iowa Acute Stroke Care and Monitoring Unit between July, 1977, and July, 1983, are the basis for this report. In each instance, subarachnoid hemorrhage was confirmed by lumbar puncture, computed tomography (CT),operation, or autopsy and the presence of an aneurysm was demonstrated by CT, angiography, or autopsy. The medical records from the University of Iowa and referring hospitals were reviewed and patients, families, and referring physicians were interviewed to determine the date and nature of the first signs or symptoms which were clearly those of subarachnoid hemorrhage, The severity of the signs and symptoms of the initial subarachnoid hemorrhage were graded as being focal, minor, major, or catastrophic (table 1). Causes of delay were categorized as being due to physicians' diagnostic problems, delayed referral policy, logistics, failure of patients to seek medical attention, unstable condition or other. More than one cause could be responsible for the delay in referral of a given patient. Delayed referral policy was defined as a decison by the referring physician to delay transfer until the patient's neurological status had improved or until an arbitrary number of days had transpired on the assumption that surgery would not be considered prior to that date. Logistical problems were defined as delays due to scheduling or completion of diagnostic tests such as CT or angiography, initiation of treatment, or arrangements for transportation.
Results
The median length of delay from onset of the first clear-cut, readily diagnosable signs and symptoms of subarachnoid hemorrhage to arrival at the Acute-Care Stroke Unit was 3.6 days ( fig. 1 ). Twenty-seven percent of the patients were admitted on the same day as the initial bleeding, nine percent on the first day subsequent to that, five percent on the second day, and seven percent on the third day. Thus there was a delay in referral of greater than two days in 64 percent and greater than three days in 59 percent. Multiple hemorrhages prior to admission to the Acute-Care Stroke Unit were suspected in 33 percent of patients (table 2) . The initial hemorrhage could be considered a "warning leak" in 14 percent using the definition described by Gillingham.
2
The initial signs and symptoms were focal in 8%, minor in 43%, major in 37%, and catastrophic in 11%. There was a strong correlation between the severity of the initial hemorrhage and the length of delay in referral ( fig. 1 ). The median time to referral was 16 days in focal, 3.85 days in minor, 2.75 days in major, and 0.3 days following a catastrophic presentation ( fig. 2) . A delay in excess of two days occurred in 100% of those whose initial event was focal, 72% of minor, 57% of major, and 24% of catastrophic ( fig. 3 ).
The following causes of delay are discussed in terms of the percentage of total days delayed (table 3) . Physicians' diagnostic problems were the cause of delay in 37 percent. The most frequent incorrect diagnoses were migraine, meningitis, ischemic stroke, myocardial infarction, tension headache and sinusitis (table 4). Delayed referral policy was responsible for 23 percent of the delayed days. Delay was due to logistical reasons in 12%. Patient misdiagnosis created the delay in 8%, while in 7% the patient's medical and neurological condition was too unstable to permit transportation. Other reasons for delay were noted in 13%.
Discussion
The overall mortality and morbidity from ruptured aneurysm continues at unacceptably high levels. Less than 40% of patients with aneurysmal subarachnoid hemorrhage return to their pre-morbid state. The leading causes of death and disability in these patients are vasospasm and rebleeding. 3 Recent evidence from the Cooperative Aneurysm Study has demonstrated that the risk of rebleeding is highest within the first 48 hours following the initial bleeding. 4 Whatever process is responsible for vasospasm is also initiated during this period. Thus it is clear that in order to improve the results in patients with ruptured aneurysm, therapymedical and/or surgical -must begin as soon as possible after the bleeding. Obviously, this can only be accomplished if the patients are referred expediently to facilities where the diagnosis can be established and therapy can be initiated. In most instances this will be a regional neurosurgical center. It is generally accepted that subarachnoid hemorrhage is an acute neurological emergency analogous in many respects to the head injury problem. The management of patients with subarachnoid hemorrhage requires a highly skilled staff and specialized facilities available on a continuous basis to accomplish the difficult and complicated diagnostic and therapeutic procedures necessary to achieve optimal results. In every patient with a clinical picture suggestive of subarachnoid hemorrhage the diagnoses should be confirmed immediately by CT or lumbar puncture (if CT scan is not available or is negative), and the patient promptly transferred to a neurosurgical center. A delay in many hours at this point often stretches into a delay of one or more days. The tendency to complete the diagnoses prior to transfer by performing angiography should be resisted, because while angiography is a key diagnostic procedure, it is also critical for planning the technical aspects of the surgery and accordingly requires close interaction between the radiologist and the operating surgeon. Not infrequently we have been confronted with the alternative of proceeding to surgery with a less than adequate angiogram performed in another institution, or repeating the study. Our data demonstrate that there is an excessive delay in referral of patients with ruptured aneurysms; in 51 percent there was a delay in excess of three to four days. While the data presented herein pertain only to the University of Iowa, this problem appears to be universal. In the International Cooperative Study on the Timing of Aneurysm Surgery involving 115 hospitals in 15 countries 43 percent of the cases arrived at these centers after a delay of three days (Kassell NF, Torner JC: International Cooperative Study on Timing of Aneurysm Surgery. Unpublished observations). Most of this delay is avoidable and is related to physician diagnostic problems, delayed referral policy, and the logistics of scheduling of tests or transportation from referring hospitals. The remedy for this problem lies mostly in the realm of physician education to the signs and symptoms of subarachnoid hemorrhage and an orientation for direct prompt referral of patients with subarachnoid hemorrhage to neurosurgical attention. The reward for these efforts is likely to be more lives salvaged after aneurysmal subarachnoid hemorrhage than from any further advances in medical or surgical therapy in the duration of this decade.
